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(57) ABSTRACT

A rupture disk system has a housing defining a central axis,
a first axial end defining an axial opening and a second axial
end. An airtlow pathway extends from the first axial end
facing towards the second axial end. A sealing surface is
defined about the airflow pathway towards the first axial end.
A shield extends across the airflow pathway on the second
axial end. Radial openings are defined around the central
axis, where the radial openings are positioned between the
first and the second axial ends, such that the airflow pathway
extends from the axial opening to the radial openings. A
rupture disk 1s coupled to the housing across the airflow
pathway. The rupture disk has a polymeric layer. The rupture
disk has an unweakened region having a first thickness and
a weakened region having a second thickness. A threshold
rupture pressure 1s defined by the weakened region.
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1
POLYMERIC RUPTURE DISK SYSTEM

This application claims the benefit of U.S. Provisional
Application No. 63/179,735, filed Apr. 26, 2021, the disclo-
sure of which 1s 1ncorporated by reference herein in its
entirety.

TECHNOLOGICAL FIELD

The present disclosure 1s generally related to rupture
disks. More particularly, the present disclosure 1s related to
rupture disk assemblies.

BACKGROUND

Rupture disks are used in a variety of industries to
equalize pressure between a sealed environment and an
outside environment upon a pressure diflerential that
exceeds a threshold. Rupture disks are typically installed on
an enclosure to form a sealed connection. Upon experienc-
ing the requisite pressure differential, the rupture disk will
burst to allow airtlow between the enclosure and the outside
environment. Various types of rupture disks are constructed
of a polymeric layer that 1s selectively thinned, such as
through etching or lasing operations, to create the lines of
weakness across the layer that fail at the desired pressure
differential. However, such manufacturing operations can be
relatively expensive due to, at least in part, the level of
precision required. Furthermore, the environment within
which a rupture disk 1s mtended to be used can present
design challenges. For example, lower threshold rupture
pressure can become more dithicult to achieve as the size of
the rupture disk decreases. As another example, 1n environ-
ments where the differential pressure cycles regularly, the
rupture disk must be relatively durable so that the threshold
rupture pressure does not decrease over time.

SUMMARY

Some embodiments of the technology disclosed herein
relate to a rupture disk system having a housing defining a
central axis. The housing has a first axial end defining an
axial opening and a second axial end. An airtlow pathway
extends from the first axial end towards the second axial end.
A sealing surface 1s disposed about the airtlow pathway
facing towards the first axial end. A shield extends across the
airtlow pathway on the second axial end. Radial openings
are defined around the central axis, where the radial open-
ings are positioned between the first axial end and the second
axial end such that the airtlow pathway extends from the
axial opening to the radial opemings. A rupture disk 1is
coupled to the housing across the airtlow pathway. The
rupture disk has a polymeric layer. The rupture disk has an
unweakened region having a first thickness and a weakened
region having a second thickness, where the rupture disk has
a threshold rupture pressure defined by the weakened region.

In some such embodiments the polymeric layer 1s breath-
able. Additionally or alternatively, the polymeric layer is
non-breathable. Additionally or alternatively, the polymeric
layer has polytetratluoroethylene (PTFE). Additionally or
alternatively, the rupture disk has a first thickness from 0.5
mils (12.7 um) to 10 mils (254 um). Additionally or alter-
natively, the rupture disk further has a support layer coupled
to the housing across the airflow pathway, the support layer
abutting the polymeric layer. Additionally or alternatively,
the support layer 1s a molded plastic. Additionally or alter-
natively, the support layer 1s domed. Additionally or alter-
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natively, the polymeric layer has a carrier layer and a first
adhesive disposed across a first surface of the carrier layer,
where the first adhesive 1s coupled to the housing. Addi-
tionally or alternatively, the polymeric layer 1s heat welded
to the housing in a perimeter region of the polymeric layer.

Additionally or alternatively, the weakened region 1n the
polymeric layer separates two distinct areas 1n the polymeric
layer. Additionally or alternatively, the rupture disk has an
outer dimension of less than 50 mm. Additionally or alter-
natively, the polymeric layer has a perimeter region and a
central region, the perimeter region having an adhesive layer
disposed across a second surface of the carrier layer, where
the central region lacks the second adhesive layer. Addition-
ally or alternatively, the polymeric layer includes polyether-
sulfone (PES). Additionally or alternatively, the polymeric
layer 1s skived PTFE. Additionally or alternatively, the
rupture disk has a first thickness ranging from 0.5 mils (12.7
um) to 3 mils (76.2 um). Additionally or alternatively, the
shield 1s spaced no more than 10 mm from the rupture disk
in an axial direction.

The above summary 1s not intended to describe each
embodiment or every implementation. Rather, a more com-
plete understanding of illustrative embodiments will become
apparent and appreciated by reference to the following
Detailed Description of Exemplary Embodiments and
claims 1n view of the accompanying figures of the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts facing view of an example rupture disk
consistent with various embodiments.

FIG. 2 1s a cross-sectional view of the example rupture
disk of FIG. 1.

FIG. 3 1s a perspective view of another example rupture
disk consistent with some embodiments.

FIG. 4 depicts a perspective view of example rupture disk
system consistent with various embodiments.

FIG. 5 depicts a cross-sectional view of the example
rupture disk system of FIG. 4.

FIG. 6 depicts an exploded view of the example rupture
disk system of FIG. 4.

FIG. 7A depicts a perspective view of yet another
example rupture disk consistent with some embodiments.

FIG. 7B depicts a perspective view of yet another
example rupture disk consistent with some embodiments.

The present technology may be more completely under-
stood and appreciated 1n consideration of the following
detailed description of various embodiments 1n connection
with the accompanying drawings.

The figures are rendered primarily for clarity and, as a
result, are not necessarily drawn to scale. Moreover, various
structure/components, including but not limited to fasteners,
clectrical components (wiring, cables, etc.), and the like,
may be shown diagrammatically or removed from some or
all of the views to better illustrate aspects of the depicted
embodiments, or where inclusion of such structure/compo-
nents 1s not necessary to an understanding of the various
exemplary embodiments described herein. The lack of 1llus-
tration/description of such structure/components in a par-
ticular figure 1s, however, not to be interpreted as limiting,
the scope of the various embodiments 1n any way.

DETAILED DESCRIPTION

FIG. 1 1s a facing view of an example rupture disk 160
consistent with various embodiments. FIG. 2 1s an example
cross-sectional view consistent with the rupture disk 160
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depicted i FIG. 1. The rupture disk 160 1s generally
configured to rupture at a particular threshold rupture pres-
sure to allow for pressure equalization. The term “threshold
rupture pressure” 1s the mimimum pressure differential
across the rupture disk 160 that causes rupturing of the
rupture disk 160. The threshold rupture pressure can be
specific to a particular temperature or temperature range.
The rupture disk 160 generally has a polymeric layer 162.

In some embodiments, the rupture disk 160 has a first
thickness t1 ranging from 0.5 mils (12.7 um) to 10 muls (254
um). In some embodiments, the rupture disk 160 has a first
thickness t1 ranging from 1 mil (25.4 um) to 5 mils (127
um). In some particular embodiments, the rupture disk 160
has a first thickness t1 ranging from 0.5 mil (12.7 um) to 3
mil (76.2 um). The rupture disk 160 also defines a weakened
region 163 having a second thickness t2. The weakened
region 163 1s a region where the thickness of the rupture disk
160 is reduced. In various implementations, the weakened
region 163 defines the threshold rupture pressure of the
rupture disk 160. In various embodiments, the introduction
ol a weakened region 163 advantageously lowers the thresh-
old rupture pressure of the rupture disk 160. The weakened
region 163 can have various configurations. Generally, the
weakened region 163 has a width w (see FIG. 1) of less than
300 um. In some embodiments the weakened region 163 has
a width w of at least 1 um. The weakened region 163 can
have a width w of less than 600 um. In some embodiments,
the weakened region 163 has a width w from 20 um to 50
um. The weakened region 163 can have a width w from 100
um-200 um, 125 um-175 wm, or 450 um-550 pm.

The thickness of the rupture disk 160 in the weakened
region 163 (the weakened region having the second thick-
ness t2) 1s generally less than the thickness of the rupture
disk 160 1n the un-weakened regions (the un-weakened
regions having the first thickness t1). In some embodiments
the second thickness t2 1s under 75% of the first thickness t1
of the rupture disk 160 1n the un-weakened regions. In some
embodiments the second thickness t2 of the rupture disk 160
1s 50% or less than the first thickness t1 of the rupture disk
160.

The polymeric layer 162 1s generally continuous. “Con-
tinuous’ 1s defined herein as forming an uninterrupted layer
across 1ts width and length that lacks openings. In various
embodiments, the weakened region 163 1s defined by areas
where the polymeric layer 162 has been thinned. The
polymeric layer 162 can be thinned through a variety of
approaches such as lasing operations, etching, compression,
kiss cutting, and the like.

The polymeric layer 162 can be constructed of a variety
of different materials and combinations of materials. In a
variety of implementations, it can be desirable to use a
polymer that 1s resistant to corrosion in the intended oper-
ating environment ol the rupture disk. In a variety of
implementations, 1t 1s desirable to use a polymer to construct
the polymeric layer 162 that has a high fatigue resistance and
durability to prevent premature failure in response to envi-
ronmental pressure differential cycles over the course of its
useful life. In some embodiments the polymer 1s polytet-
rafluoroethylene (PTFE). In some such embodiments the
polymer 1s a breathable PTFE, such as an expanded PTFE.
In some other embodiments the polymer 1s a non-breathable
PTFE, such as an unexpanded PTFE. In some embodiments
the PITFE 1s skived PITFE. Skived PTFE may advanta-
geously have a lower threshold rupture pressure than some
other materials. In some embodiments the PTFE 1s cast
PTFE. In some embodiments the polymeric layer 1s con-
structed of a breathable or non-breathable polyethersulione
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(PES). “Non-breathable” 1s used herein to mean that there 1s
no measurable airtlow through the component/layer at room
temperature with at a 20 mbar (0.29 ps1) pressure differential
as measured 1n accordance with ASTM D737-18. In various
embodiments the polymer 1s liquid impermeable.

In some embodiments, the Frazier air permeability, mea-
sured according to ASTM D737-18, entitled “Test Method
for Air Permeability of Textile Fabrics,” of the rupture disk
160 and/or the polymeric layer 162 can range from 0 to 3
CFM (ft°/min) at a pressure drop of 0.5 inches H,O (0.018
ps1). In some embodiments the rupture disk 160 and/or the
polymeric layer 162 can have a water entry pressure of 2 psi
to 60 psi. The material forming the rupture disk 160 and/or
the polymeric layer 162, belore weakening to form the
rupture disk 160, can have a tensile strength in the machine
direction ranging from 0.5 lbt/in to 7 lbi/in, 1 1bi/in to 6
Ibt/in, or 1 Ibt/in to 5 1bi/in. Prior to forming the weakened
region 163, the material forming the rupture disk 160 and/or
the polymeric layer 162 can have an elongation above 50%,
in some embodiments. In some other embodiments the
material forming the rupture disk 160 and/or the polymeric
layer 162, prior to forming the weakened region 163, can
have an eclongation that i1s less than 50%. The material
forming the rupture disk 160 and/or the polymeric layer 162,
prior to forming the weakened region 163, can have an
clongation that 1s generally greater than 3%. In some
embodiments the material forming the rupture disk 160
and/or the polymeric layer 162, prior to forming the weak-
ened region, can have an elongation that ranges from 10%
to 25%.

In various embodiments the polymer 1s resistant to liquid
flow therethrough. In some embodiments, one or more
functional coatings can be applied to the rupture disk 160 or
the polymeric layer 162. For example, an oleophobic coating
can be applied to one or both sides of the rupture disk 160
and/or the polymeric layer 162. In some embodiments a
hydrophobic coating can be applied to one or both sides of
the rupture disk 160 and/or the polymeric layer 162.

In some embodiments the rupture disk 160 can have a
support layer 164. The support layer 164 can be substantially
coextensive with the polymeric layer 162, in some embodi-
ments. The support layer 164 1s generally disposed across a
surface of the polymeric layer 162 and defines a particular
thickness perpendicular to the surface of the polymeric layer
162. In various embodiments, the support layer 164 1s
coniigured to have a constant thickness across the polymeric
layer 162. The support layer 164 can be constructed of a
variety of materials and combinations of materials.

In some embodiments, the support layer 164 1s a coating,
deposited on the polymeric layer 162. The coating can be
applied in a liquid state and then cured through curing
operations known in the art. In some embodiments, the
support layer 164 1s a distinct layer of material that 1s
adhered or otherwise laminated to the polymeric layer 162.
The support layer 164 can be a scrim layer. The support layer
164 can be a metal layer, such as a metal foil layer. In some
examples the support layer 164 can have a first adhesive
layer on a first side that 1s coupled to the polymeric layer
162. In some such embodiments, the adhesive layer can
directly couple to each of the support layer 164 and the
polymeric layer 162. In some other embodiments, the sup-
port layer 164 can have a carrier layer and the first adhesive
layer 1s disposed across a first surface of the carrier layer.
The first adhesive layer 1s coupled to a surface of the
polymeric layer 162. The carrier layer 1s a plastic film, in
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vartous embodiments. It will be appreciated that various
embodiments of rupture disks do not have a support layer,
however.

In various embodiments, such as the one depicted, the
weakened region 163 defines two distinct areas 166a, 1665,
meaning that the areas are separated from each other by the
weakened region 163, which 1s visible 1n FIG. 1. In this
example, the weakened region 163 defines a circle and a first
area 166a 1s within the circle, and a second area 16654 1s
outside the circle. The weakened region 163 can define
shapes alternate to or 1n addition to a circle such as polygo-
nal shapes, ovals, and the like. In various embodiments, such
as the one depicted, the weakened region 163 separates
portions of a single area. In the current example, the weak-
ened region 163 defines a plurality of radial extensions that
cach separate portions of the second polymeric area.

FIG. 3 1s a perspective view of another example rupture
disk 260 consistent with embodiments. In the current
example, the rupture disk 260 has a weakened region 263
that does not separate the rupture disk 260 into discrete
areas. Rather, the weakened region 263 forms a circular flap
having two discrete endpoints 261. In this example the
weakened region 263 forms a portion of a circle rather than
a complete circle. FIGS. 7A and 7B each depict a perspec-
tive view of alternate example rupture disks 460, 560 where
the weakened regions 463, 563 have alternate shapes. In
FIG. 7A the weakened region 463 has three linear segments
joined at corners to form three sides of a rectangular shape.
FIG. 7B depicts a rupture disk 560 having a weakened
region 563 that forms a cross shape, where two linear
segments mtersect at their midpoints. FIGS. 7A and 7B will
be discussed in more detail below and will generally be
consistent with the descriptions of FIGS. 1-3, except where
differences are explicitly described or depicted. The weak-
ened region can have other shapes, however, such as a
polygonal shape or an ovular shape.

The facing surfaces of rupture disks consistent with the
technology disclosed herein can have a variety of diflerent
shapes. In the examples of FIGS. 1 and 3, the rupture disks
have a circular shape. In some embodiments the rupture disk
can define an ovular shape. In the example of FIG. 7A, the
facing surfaces of the rupture disk 460 has a rectangular
shape. In the example of FIG. 7B, the facing surfaces of the
rupture disk 560 has a hexagonal shape. In various embodi-
ments where the rupture disk has a polygonal shape, the
corners can be rounded corners.

Returming to the discussion of FIGS. 1 and 2, 1n various
embodiments, the rupture disk 160 1s configured to couple to
a housing or enclosure. For example, a surface of the rupture
disk 160 can be configured to be coupled to a housing about
an opening. More particularly, the rupture disk 160 can
define a perimeter region 165 and a central region 167 (FIG.
1), where the perimeter region 165 1s configured to be
welded or otherwise adhered to a housing about an opening.
In some examples, an adhesive defines the perimeter region
165 on one side of the rupture disk 160 that 1s configured to
be coupled to the housing. More particularly, the perimeter
region 165 of the carrier layer can have the second adhesive
disposed thereon. In such embodiments, the central region
1677 of the rupture disk 160 lacks the adhesive layer. In some
other embodiments, the adhesive layer extends across the
perimeter region 165 and the central region 167 of the
rupture disk 160. In some such embodiments, a protective
layer 1s disposed over the adhesive layer located within the
central region 167 to obstruct the second adhesive layer.
Prior to installation of the rupture disk to a housing, a
removable liner can be coupled to the adhesive located 1n the
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perimeter region 165, where the removable liner 1s config-
ured to be removed from the second adhesive to allow
adherence of the rupture disk 160 to the housing. In some
embodiments, the perimeter region 165 lacks an adhesive
layer. In such configurations the perimeter region 163 of the
rupture disk 160 can be configured to be welded or over-
molded to a housing about an opening, which will be
described 1n more detail, below.

In the current example, the perimeter region 165 1s
defined between the outer perimeter 168 of the rupture disk
160 and an 1nner perimetric boundary 169 spaced radially
inward from the outer perimeter 168. In various embodi-
ments the mner perimetric boundary 169 of the perimeter
region 165 has the same shape as the outer perimeter which
1s currently circular. In some other embodiments the inner
perimetric boundary 169 can have a different shape than the
outer perimeter 168. For example, the outer perimeter can be
a circular shape, and the inner perimetric boundary can be a
polygonal shape, such as depicted in FIG. 3 where the
perimeter region 265 has an 1nner perimetric boundary 269
1s pentagonal. In the example of FIG. 7A, the perimeter
region 465 has an inner perimetric boundary 469 that has a
rectangular shape. In the example of FIG. 7B, the perimeter
region 565 has an inner perimetric boundary 569 that has a
hexagonal shape. The shape of the inner perimetric bound-
ary of the perimeter region may advantageously impact the
threshold rupture pressure. For example, 1n some implemen-
tations, an inner perimetric boundary that i1s polygonal
shaped may advantageously decrease the threshold rupture
pressure. In some implementations, an inner perimetric
boundary that has relatively sharp corners may advanta-
geously decrease the threshold rupture pressure.

Returning again to FIGS. 1-2, 1n various embodiments,
the rupture disk 160 has an outer dimension D of less than
60 mm, where “outer dimension” 1s used to mean a maxi-
mum dimension across the rupture disk such as a diagonal
(for example polygonal shapes such as 1n FIGS. 7A and 7B)
or a diameter. In some other embodiments the rupture disk
160 has an outer dimension D of greater than 70 mm,
however. In some embodiments, the rupture disk has an
outer dimension D of less than 50 mm or even 45 mm. In
some embodiments, the rupture disk has an outer dimension
D between 20 mm and 40 mm. In some embodiments, the
rupture disk has an outer dimension D between 7 mm and 15
mm. In some embodiments, the rupture disk has an outer
dimension D between 25 mm and 35 mm. In one particular
example, the rupture disk has an outer dimension D of about
32 mm. The outer dimension D of the rupture disk can be
equal to the corresponding outer dimension of each of the
polymeric layer 162 and the support layer 164.

Generally, as the outer dimension of the rupture disk 160
decreases, the burst pressure increases (absent weakened
regions). However, despite the relatively small size of rup-
ture disks disclosed herein, such rupture disks have a rela-
tively low threshold rupture pressure, which can be advan-
tageous 1n various implementations. In some embodiments
the rupture disk has a threshold rupture pressure of less than
10 psi1, less than 7 psi, or less than 6 psi. The threshold
rupture pressure can be between 4 psi and 6 psi. The
threshold rupture pressure of the rupture disk be greater than
2 psi, 3 psi, or 4 psi. The threshold rupture pressure can be
at room temperature (25° C.).

FIG. 4 depicts a perspective view of an example rupture
disk system 300 consistent with the technology disclosed
herein, where the rupture disk system. FIG. 5 depicts a
cross-sectional view of the example rupture disk system 300
installed 1n an enclosure 10. FIG. 6 depicts an exploded view
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of the example rupture disk system 300 of FIG. 4. The
rupture disk system 300 1s generally configured to allow
rapid airflow out of the enclosure 10 upon a threshold
rupture pressure between the interior 11 of the enclosure 10
and the outside environment 20 (FIG. 5). The rupture disk
system 300 has a housing 310 and a rupture disk 360. The
housing 310 defines a central axis x.

The housing 310 1s generally configured to protect the
rupture disk 360 from the outside environment 20 that may
cause premature rupture of the rupture disk. The housing
generally has a first axial end 312 and a second axial end
314. The first axial end 312 defines an axial opening 316.
The axial opening 316 1s generally configured to be 1 open
communication with the mterior 11 of the enclosure 10. The
housing 310 has an airflow pathway 318 that generally
extends from the first axial end 312 towards the second axial
end 314. A sealing surface 320 1s defined about the airtlow
pathway 318 between the first axial end 312 and the second
axial end 314. The sealing surface 320 1s configured to form
a seal with the enclosure 10 to prevent the ingress or egress
of substances relative to the enclosure 10. The sealing
surface 320 can be an axial or radial seal that 1s configured
to seal against the housing 10 about a housing opening 12
defined 1n the housing 10. In some embodiments, the sealing
surface 320 faces towards the first axial end 312 to form an
axial seal with the enclosure 10. In some embodiments, the
sealing surface 320 faces radially outward and 1s configured
to form a radial seal with the enclosure 10.

A rupture disk 360, such as a rupture disk consistent with
the descriptions above, 1s coupled to the housing 310 across
the airflow pathway 318. The rupture disk 360 obstructs the
airtlow pathway 318 such that the first axial end 312 of the
housing 310 1s separated from the second axial end 314 of
the housing 310 (until the rupture disk 360 ruptures). The
rupture disk 360 has a polymeric layer that can be consistent
with the discussions above. In some embodiments the rup-
ture disk 360 has a support layer disposed on a surface of the
polymeric layer, consistent with discussions above.

The rupture disk 360 1s generally coupled to a mounting
surface 328 defined by the housing 310. The mounting
surface 328 1s generally planar and extends around the
airtflow pathway 318. The mounting surface 328 defines an
opening 362 that 1s a portion of the airflow pathway 318. The
opening in the mounting surface 328 can have an outer
dimension d (such as a diagonal or a diameter) that corre-
sponds to the size of the rupture disk 360. The outer
dimension d of the opening in the mounting surface 328 is
generally less than a corresponding outer dimension D of the
rupture disk 360. The outer dimension d of the opening in
the mounting surface 328 can be between 60% and 95% of
the outer dimension D of the rupture disk 360. In some
embodiments the outer dimension d of the opening ranges
from 1 mm to 56 mm. In some embodiments the outer
dimension d of the opening ranges from 20 mm to 40 mm.
In some embodiments the outer dimension d ranges from 15
mm to 35 mm. In some embodiments the outer dimension d
of the opening 1s at least 3 mm. In some embodiments the
outer dimension d of the opening 1s less than 15 mm, 10 mm,
or 7 mm.

In various embodiments the rupture disk 360 1s coupled to
the mounting surface 328 of the housing 310 through a
variety of approaches known 1n the art. A perimeter region
361 of rupture disk 360 i1s coupled to the housing 310 in a
region surrounding the airflow pathway 318. The rupture
disk 360 and the housing 310 form an airtight seal about the
airtlow pathway 318. In various embodiments, the rupture
disk 360 and the housing 310 form a seal that resists
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impingement by liquids such as water. The rupture disk 360
can be coupled to the housing 310 through the use of an
adhesive, welding (heat or ultrasonic welding, as examples),
over-molding, or through other approaches known 1n the art.
In some embodiments where an adhesive 1s employed, the
adhesive 1s a pressure-sensitive adhesive, such as a pressure
sensitive adhesive tape. In some embodiments the adhesive
1s a double-sided adhesive tape. One such example 1s an
acrylic-based pressure sensitive adhesive, such as Acrylic
Adhesive 300MP from 3M™ of St. Paul, Minnesota, USA.
Another such example 1s a silicone-based pressure sensitive
adhesive. A commercially available example of a silicone-
based pressure sensitive adhesive 1s a double-sided adhesive
ARclad® 8458 from Adhesives Research® Glen Rock,
Pennsylvama, USA. In some embodiments the adhesive 1s a
curable adhesive material such as silicone-based adhesive.
In some embodiments the polymeric layer (162, FIG. 2) of
the rupture disk 360 i1s configured to be welded to the
housing 310 across the airflow pathway 318.

The housing has a shield 322 that extends across the
airflow pathway 318 on the second axial end 314 of the
housing 310. The shield 322 1s generally configured to
obstruct direct impact between elements in the outside
environment and the rupture disk 360 such as water and
debris. The housing 310 defines radial openings 324
between the first axial end and the second axial end, where
the airflow pathway 318 of the housing 310 extends from the
axial opening to the radial openings 324. The radial open-
ings 324 are defines around the central axis x. The airtlow
pathway 318 extends through the housing 310 from the axial
opening 316 to the radial openings 324.

The shield 322 1s generally spaced from the rupture disk
360 1n the axial direction by a distance H. More particularly,
the shield 322 1s spaced from the rupture disk 360 at a
particular axial distance H that facilitates failure of the
rupture disk 360. I1 the shield 322 is too close to the rupture
disk 360, then the shield 322 may provide structural support
to the rupture disk 360 and impede failure of the rupture disk
360. It the shield 322 1s too far from the rupture disk 360,
then the system 300 may be too large to accommodate
certain operating environments. Incorporating a weakened
region, discussed above, 1n the rupture disk 360 may advan-
tageously allow for a relative reduction 1n the axial distance
H between the shield 322 and the rupture disk 360 while
maintaining a predictable failure rate. Reducing the axial
distance H between the shield 322 and the rupture disk 360
may advantageously reduce the footprint of the system 300
to accommodate smaller operating environments. In some
embodiments, the shield 322 is spaced 4 mm to 15 mm, 5
mm to 10 mm, or 5 mm to 8mm 1n the axial direction from
the rupture disk 360. In some other embodiments, the shield
322 1s at least 10 mm or 20 mm from the rupture disk 360
in the axial direction. In some embodiments, the shield 322
1s no more than 70 mm, 50 mm, 40 mm, 30 mm, or 20 mm
from the rupture disk 360 1n the axial direction.

In the current example, the first axial end 312 of the
housing 310 defines an enclosure coupling structure 326
about the airflow pathway 318. The coupling structure 326
1s generally configured to couple to the enclosure 10 about
the enclosure opening 12. The coupling structure 326 1s
generally configured to bring the sealing surface 320 into
sealing engagement with the enclosure 10 about the enclo-
sure opening 12. In the current example, the coupling
structure 326 1s a threaded surface configured to frictionally
engage a mating threaded surface of the enclosure 10 about
the enclosure opening 12. In some other embodiments, a
fastening structure such as bolts, screws, or the like can be
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used to couple the housing 310 to the enclosure 10. In some
embodiments, the fastening structure 1s a bayonet connector
that 1s configured to be received by a mating connector
defined by the enclosure. In such examples, the fastening
structure can be configured to be mutually received by
fastener openings defined by the housing 310 and aligned
fasteming openings of the enclosure 10. In such examples,
sealing surfaces can be defined between the fastening struc-
tures and the airflow pathway 318, such as around the

fastening structures.

In various embodiments, the rupture disk system 300 1s
configured to meet IP67 waterprooiness standards when
coupled to an enclosure 10 in accordance with the Interna-
tional Electrotechnical Commaission (IEC) standard 60529.

Various approaches can be used to construct rupture disk
systems consistent with the technology disclosed herein. A
polymeric layer 1s provided. In some embodiments a support
layer 1s applied to the polymeric layer. In various embodi-
ments a weakened region 1s formed 1n the polymeric layer.
The rupture disk 1s sealably coupled to a housing.

Each of the polymeric layer and the support layer (11 used)
can generally be consistent with corresponding components
discussed above. In various embodiments the weakened
region 1s formed 1n the polymeric layer after application of
polymeric layer to the support layer, while 1n other embodi-
ments the weakened region 1s formed in the polymeric layer
betore application of support layer to the polymeric layer.
The weakened region (163, FIGS. 1-2) generally extends

through a portion of the thickness of the polymeric layer
(162, FIGS. 1-2) and has a width of less than 300 um. In

various embodiments the weakened region extends through
a portion of the thickness of the polymeric layer to the
support layer. In some embodiments the weakened region
does not extend through a portion of the thickness of the
support layer.

In various embodiments the weakened region 1s formed
through a lasing operation on the polymeric layer. The
polymeric layer can be lased after applying the polymeric
layer to the support layer. In various embodiments the laser
1s relatively low powered. In various embodiments the laser
has a power output of less than or equal to 45 watts.

The rupture disk 1s sealably coupled to a housing across
an airflow pathway defined by the housing. The rupture disk
can be sealably coupled to the housing via adhesive, heat
welding, or the like, as has been described above. Also, as
has been described above, the housing generally has a
sealing surface that i1s configured to surround the airtlow
pathway, where the sealing surface 1s configured to form a
seal between the housing and enclosure about the airflow
pathway. The housing can be coupled to an enclosure via
fastening structures that have been above.

STATEMENT OF THE EMBODIMENTS

Embodiment 1. A rupture disk system comprising:

a housing defining a central axis comprising:

a first axial end defining an axial opening,

a second axial end,

an airflow pathway extending from the first axial end
towards the second axial end,

a sealing surface about the airflow pathway facing
towards the first axial end,

a shield extending across the airflow pathway on the
second axial end, and

radial openings defined around the central axis, the radial
openings positioned between the first axial end and the

10

15

20

25

30

35

40

45

50

55

60

65

10

second axial end, whereby the airflow pathway extends
from the axial opening to the radial openings; and

a rupture disk coupled to the housing across the airflow
pathway, the rupture disk comprising a polymeric layer,
wherein the rupture disk has an unweakened region
having a first thickness and a weakened region having
a second thickness, wherein the rupture disk has a
threshold rupture pressure defined by the weakened
region.

Embodiment 2. The rupture disk system of any one of
embodiments 1 and 3-17, wherein the polymeric layer
1s breathable.

Embodiment 3. The rupture disk system of any one of
embodiments 1-2 and 4-17, wherein the polymeric
layer 1s non-breathable.

Embodiment 4. The rupture disk system of any one of
embodiments 1-3 and 5-17, wheremn the polymeric
layer comprises PTFE.

Embodiment 5. The rupture disk system of any one of
embodiments 1-4 and 6-17, wherein the rupture disk

has a first thickness from 0.5 mils (12.7 um) to 10 mils
(254 um).

Embodiment 6. The rupture disk system of any one of
embodiments 1-5 and 7-17, wherein the rupture disk further
comprises a support layer coupled to the housing across the
airflow pathway, the support layer abutting the polymeric
layer.

Embodiment 7. The rupture disk system of any one of
embodiments 1-6 and 8-17, wherein the support layer com-
prises molded plastic.

Embodiment 8. The rupture disk system of any one of
embodiments 1-7 and 9-17, wherein the support layer is
domed.

Embodiment 9. The rupture disk system of any one of
embodiments 1-8 and 10-17, the polymeric layer com-
prising a carrier layer and a first adhesive disposed
across a first surface of the carrier layer, wherein the
first adhesive 1s coupled to the housing.

Embodiment 10. The rupture disk system of any one of
embodiments 1-9 and 11-17, wherein the polymeric
layer 1s heat welded to the housing in a perimeter region
of the polymeric layer.

Embodiment 11. The rupture disk system of any one of
embodiments 1-10 and 12-17, wherein the weakened
region 1n the polymeric layer separates two distinct
areas 1n the polymeric layer.

Embodiment 12. The rupture disk system of any one of
embodiments 1-11 and 13-17, the rupture disk having
an outer dimension of less than 50 mm.

Embodiment 13. The rupture disk of any one of embodi-
ments 1-12 and 14-17, wherein the polymeric layer
further comprises a perimeter region and a central
region, the perimeter region comprising an adhesive
layer disposed across a second surface of the carrier
layer, wherein the central region lacks the second
adhesive layer.

Embodiment 14. The rupture disk system of any one of
embodiments 1-13 and 15-17, wherein the polymeric
layer comprises PES.

Embodiment 15. The rupture disk system of any one of
embodiments 1-14 and 16-17, wherein the polymeric
layer comprises skived PTFE.

Embodiment 16. The rupture disk system of any one of
embodiments 1-15 and 17, wherein the rupture disk has

a first thickness ranging from 0.5 mils (12.7 um) to 3

mils (76.2 um).
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Embodiment 17. The rupture disk system of any one of
embodiments 1-16, wherein the shield 1s spaced no
more than 10 mm from the rupture disk 1n an axial
direction.

It should also be noted that, as used in this specification
and the appended claims, the phrase “configured” describes
a system, apparatus, or other structure that i1s constructed to
perform a particular task or adopt a particular configuration.
The word “configured” can be used interchangeably with
similar words such as “arranged”, “constructed”, “manufac-
tured”, and the like.

All publications and patent applications 1n this specifica-
tion are indicative of the level of ordinary skill 1n the art to
which this technology pertains. All publications and patent
applications are herein incorporated by reference to the same
extent as 1f each individual publication or patent application
was specifically and individually indicated by reference. In
the event that any inconsistency exists between the disclo-
sure ol the present application and the disclosure(s) of any
document incorporated herein by reference, the disclosure of
the present application shall govern.

This application 1s intended to cover adaptations or varia-
tions of the present subject matter. It 1s to be understood that
the above description 1s intended to be 1llustrative, and not
restrictive, and the claims are not limited to the illustrative
embodiments as set forth herein.

What 1s claimed 1s:
1. A rupture disk system comprising:
a housing defining a central axis comprising:
a first axial end defining an axial opening,
a second axial end,
an airflow pathway extending from the first axial end
towards the second axial end,
a sealing surface about the airflow pathway facing
towards the first axial end,
a shield extending across the airflow path way on the
second axial end, and
radial openings defined around the central axis, the
radial openings positioned between the first axial end
and the second axial end, whereby the airflow path-
way extends from the axial opening to the radial
openings; and
a rupture disk coupled to the housing across the airtlow
pathway, the rupture disk comprising a polymeric
layer, wherein the polymeric layer 1s continuous, the
rupture disk has an unweakened region having a first
thickness and a weakened region having a second
thickness, the rupture disk has a threshold rupture
pressure defined by the weakened region, and the
rupture disk further comprises a support layer abut-
ting the polymeric layer, the support layer coupled to
the housing across the airflow pathway, and a {first
adhesive disposed across a first surface of the sup-
port layer facing the polymeric layer, a second
adhesive disposed on the perimeter region of a
second surface of the support layer, wheremn the
second adhesive 1s coupled to the housing.
2. The rupture disk system of claim 1, wherein the
polymeric layer 1s breathable.
3. The rupture disk system of claam 1, wherein the
polymeric layer 1s non-breathable.
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4. The rupture disk system of claim 1, wherein the
polymeric layer comprises PTFE.

5. The rupture disk system of claam 1, wherein the
polymeric layer has a first thickness from 0.5 mils (12.7 um)
to 10 mils (254 um).

6. The rupture disk system of claim 1, wherein the support
layer comprises molded plastic.

7. The rupture disk system of claim 1, wherein the support
layer 1s domed.

8. The rupture disk system of claim 1, wherein the
weakened region 1n the polymeric layer separates two dis-
tinct areas 1n the polymeric layer.

9. The rupture disk system of claim 1, the rupture disk
having an outer dimension of less than 50 mm.

10. The rupture disk system of claim 1, wheremn the
polymeric layer further comprises a perimeter region and a
central region, the perimeter region coupled to the first
adhesive disposed across the first surface of the support
layer, wherein the central region lacks the first adhesive.

11. The rupture disk system of claim 1, wherein the
polymeric layer comprises PES.

12. The rupture disk system of claam 1, wherein the
polymeric layer comprises skived PTFE.

13. The rupture disk system of claam 1, wherein the
rupture disk has a first thickness ranging from 0.5 mils (12.7
um) to 3 mils (76.2 um).

14. The rupture disk system of claim 1, wherein the shield
1s spaced no more than 10 mm from the rupture disk 1n an
axial direction.

15. A rupture disk system comprising:

a housing defining a central axis comprising:

a first axial end defining an axial opening,

a second axial end,

an airflow pathway extending from the first axial end
towards the second axial end,

a sealing surface about the airflow pathway facing
towards the first axial end,

a shield extending across the airflow pathway on the
second axial end, and

radial openings defined around the central axis, the
radial openings positioned between the first axial end
and the second axial end, whereby the airflow path-
way extends from the axial opening to the radial
openings; and

a rupture disk coupled to the housing across the airflow

pathway, the rupture disk comprising a polymeric layer,
wherein the rupture disk has an unweakened region
having a first thickness and a weakened region having
a second thickness, wherein the rupture disk has a
threshold rupture pressure defined by the weakened
region, wherein the polymeric layer 1s heat welded to
the housing 1n a perimeter region of the polymeric
layer.

16. The rupture disk system of claim 15, wherein the
shield 1s spaced no more than 10 mm from the rupture disk
in an axial direction.

17. The rupture disk system of claim 15, the rupture disk
having an outer dimension of less than 50 mm.

18. The rupture disk system of claim 135, wherein the
polymeric layer comprises PTFE.
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